This study investigated the impact of reverse salt flux (RSF) on microbe community and 15 bio-methane production in a simulated fertilizer driven FO-AnMBR system using KCl, 16 KNO 3 and KH 2 PO 4 as draw solutes. Results showed that KH 2 PO 4 exhibited the lowest 17 RSF in terms of molar concentration 19.1 mM/(m 2 .h), while for KCl and KNO 3 it was 18 32.2 and 120.8 mM/(m 2 .h), respectively. Interestingly, bio-methane production displayed 19 an opposite order with KH 2 PO 4 , followed by KCl and KNO 3 . Pyrosequencing results 20 revealed the presence of different bacterial communities among the tested fertilizers.
Since this process is not driven by an external pressure, the energy consumption is much 48 lower than RO technology. It has been reported that the fouling and scaling of FO 49 membranes is also less severe than in RO, and mostly reversible via hydraulic cleaning 50 (Li et al., 2015) . However, FO generally needs to be coupled with another process to 51 separate the diluted draw solution from the final product water. However, this additional 52 recovery process requires energy and increases the capital cost of the hybrid system . simplify the simulation, the RSF was considered constant during the whole experiment of 114 20 days. The amount of dosed fertilizer per day was based on the detected RSF 115 (described in Section 2.3), membrane area of 20 cm 2 and a 24-hour operation. 118 To determine the amount of fertilizer chemicals to be added to the digested sludge, FO 119 experiments were conducted to evaluate the RSF of different draw solutes (Supplemental 120 Table S1 and Figure S1 for experimental conditions and schematic diagram, (Table S1 ). The experiment was conducted for 24 hours, the volume of DS increased by 125 5 240 mL for all three tested fertilizer DS. The FS and DS before and after experiment 126 were sampled for NO 3 and PO 4 3analyses with ion chromatography system (ICS-1600, 2.4 Bio-methane potential (BMP) apparatus 140 Because the bacterial community could change over time, in order to investigate the 141 effect of different RSFs under identical initial conditions, the bio-methane potential 142 experiments were conducted in a batch mode for different substrates addition (Ansari et   143 al., 2015) using a BMP apparatus (depicted in Figure S3 ). The BMP apparatus is 144 composed of 7 fermentation bottles submerged in a water bath at a temperature of 145 35±1°C. The generated biogas from these bottles was diverted to an array of inverted 146 1,000 mL plastic mass cylinders submerged in the 1 M NaOH solution to collect and 147 measure the biogas. The NaOH solution plays an important role to remove CO 2 and H 2 S 148 from biogas to better evaluate CH 4 production potential. Air volume in each mass 149 cylinder was recorded 2 times per day. Detailed description of BMP apparatus used in 150 this study is given elsewhere (Ansari et al., 2015) . First of all, the quality of anaerobic sludge was characterized and described in Section 154 2.1. The RSFs of FDFO process was determined for three different fertilizers and then the 155 corresponding amount of each fertilizer was added into the BMP apparatus together with 156 6 glucose for the bacteria growth during anaerobic sludge fermentation. One fermentation 157 bottle was filled with DI water as blank control, while the rest six bottles were filled with 158 fertilizers (each fertilizer was run in duplicate). After mixing the anaerobic sludge with 159 the substrates and fertilizers, all bottles were purged with nitrogen gas. The dissolved 160 oxygen in fermentation bottles was measured after nitrogen gas purging to ensure the 161 value was lower than 0.5 mg/L. The fermentation bottles were then submerged in a water 162 bath of 35°C and connected to the biogas collecting cylinder described in Section 2.5.
FO experiments for RSF determination

163
During fermentation, glucose was added into the anaerobic sludge every two days as where V s is the produced specific biogas volume, C m is the measured percentage of 179 specific biogas, and V b is the recorded volume of biogas mixture. The DNA extraction and sequencing were successful for all samples and yielded 28,720-220 149,886 and over 10000 reads for bacterial and archaeal 16S rRNA genes, respectively, 221 after quality control and bioinformatics processing. biogas was produced for all conditions, and the amount of produced biogas was similar 249 for both sludge without fertilizer (DI), and sludge with KNO 3 and KH 2 PO 4 dosages.
250
However, the biogas production from sludge with KCl dosage exhibited a slightly lower 251 total biogas volume than others. Total biogas volume is composed of methane and 252 nitrogen. The dosage of fertilizer could affect the archaea and bacteria genus responsible 253 for methane and nitrogen production, and eventually led to the variation of total biogas 254 volume. Therefore, the slight difference in total biogas production of fermenters with KCl 255 dosage could be due to the bacteria and archaea community difference between different 256 fertilizer dosages.
257
Although the biogas production was similar to all conditions, the methane and nitrogen 258 concentrations exhibited a significant variation for different conditions. As shown in 259 Figure 2 , around 272 mL produced biogas was methane when there was no fertilizer in 260 the sludge (DI), while the methane volume within biogas for sludge with fertilizers was 261 lower and varied with the type of fertilizer used. In general, the higher RSF was, the less 262 methane was produced. KH 2 PO 4 dosage exhibited the closest methane volume to the DI 263 condition (238 mL), followed by KCl dosage (170 mL) and KNO 3 dosage (less than 65 264 mL). Interestingly, RSFs of these three fertilizers followed a reverse order. Moreover, the 265 sludge with KNO 3 exhibited a higher nitrogen gas concentration (1,166 mL) than the 266 other conditions which were between 820 mL and 990 mL. Since the dosages of 267 fertilizers were based on simulated FDFO processes, the impact of different fertilizers' 268 RSF on the anaerobic bio-methane production can thus be demonstrated. Fertilizers' 269 effect on changing the biogas production and composition could be due to: 1) the acute 270 responses of sludge in the initial period due to different fertilizer dosages; 2) and further other bacteria genus when the salinity of sludge is increased by the fertilizer addition. The 300 increase of nitrogen gas for sludge with KNO 3 addition was probably related to the 301 abundance of de-nitrification bacterium, Comamonas, which could convert the reverse 302 diffused nitrate into nitrogen.
303
One previous study about the selection of FDFO draw solutes showed that the 304 biomethane production was significantly affected by KCl production. That is probably because high fertilizer dosages (9 times concentrated) were 308 applied in the previous study (Kim et al., 2016) , which might have exposed the archaea 309 and bacteria in sludge to a mineral shock and severely affect the viability of microbial 310 11 communities and thus no methane was produced in most of the conditions tested.
311
However, in the present study, the fertilizers were gradually added into the sludge and 312 this procedure gave some time to the microbes to adjust themselves for the change of 313 environment. Considering that the concentration of fertilizer in anaerobic digester is also 314 a gradual process, the step-by-step dosage of fertilizer can better reflect the impact of 315 reverse fertilizers on the biomethane production. Methanosaeta (more than 95% for all conditions) also indicated that acetate in sludge 363 was crucial for the methane production in this study. Therefore, the methane production 364 in such a Methanosaeta dominating system depended almost entirely on the abundance of 365 acetogenesis bacteria. The difference of biomethane production observed in this study 366 was therefore very likely caused by the variation of bacteria that could affect 367 acetogenesis. shown in Table S2 . 
